ABSTRACT: Photoresponsive cellulose p-phenylazobenzoates (AB-celluloses) with degrees of substitution (DS) of 2.2 -2.9 were prepared by repeated reactions of cellulose powders with p-phenylazobenzoyl chlo. ride. The AB-celluloses were found to be soluble in some organic solvents and form lyotropic liquid crys. talline phase at the concentrations higher than a certain critical concentration. The critical concentration in tetrahydrofuran was higher than that in less polar chloroform, and it decreased with increasing DS of the AB-cellulose. The critical concentration was found to increase 3 to 5 wt% with UV light irradiation. The ordered structure once formed at the concentrations slightly higher than the critical concentration dis appeared with UV light irradiation, and then on standing after interruption of the irradiation it restored again, although not perfectly. The change in the critical concentration with UV light irradiation and disap.
INTRODUCTION
Photoregulation of functions of polymers containing photochromic moieties such as azobenzene, spiropyr an, and stilbene has been a subject of numerous investigations1-5). In the previous papers, we in .0 g of cellulose powders was suspended in 100 ml of anhydrous pyridine, and 100 ml of pyri dine solution of p-phenylazobenzoyl chloride (4.5 g) was added. The suspension was kept at 100°C with stirring. After 24 h, the reaction mixture was added to excess ethanol and then filtered. After drying, the residue was offered to the same reaction once more with changing amount of p-phenylazobenzoyl chloride to obtain AB-celluloses with different DS. Finally the residue was extracted with acetone in a Soxhlet ex tractor, and then dried under vacuum. The amount of azobenzene moiety introduced was estimated from the amount of nitrogen in the AB-cellulose determined by elementary analysis. 2.3 Optical observation of liquid crystalline phase AB-cellulose was dissolved in chloroform or in tet rahydrofuran and placed between two slide glasses. The AB-cellulose was sheared by shifting the slide glasses parallel in one direction and the birefringence phnomera due to liquid crystallin phase was observed between crossed polarizers with a polarization micro scope, with or without UV light irradiation under ventilation. UV light from a high pressure mercury lamp (Toshiba H-400 , 400W) was used without a filter.
UV absorption spectrum
UV absorption spectra of AB-cellulose in chloro form before and after irradiation with UV light were obtained with a Hitachi Spectrometer 124 (Hitachi Seisakusho Co., Tokyo).
RESULTS AND DISCUSSION
In the previous experiment , we had prepared cel lulose P-phenylazobenzoates with DS of up to 2 .1 by the one step reaction of cellulose powders with p phenylazobenzoyl chloride in pyridine. After that we found that the same cellulose derivatives with DS of up to 2.9 were obtained by the repetition of the same reaction, and we prepared the AB-celluloses with DS of 2.2 to 2.9 by changing amount of p-phenyl azobenzoyl chlride in the second reaction. The AB celluloses were found to be soluble in some organic solvents such as chloroform and tetrahydrofuran, and to form lyotropic liquid crystalline phase at the concentrations higher than the critical concentration. We examined the liquid crystalline phase-formation be havior of the AB-cellulose and its photoregulation. radiation time and reaches zero at a certain ir radiation time; at the irradiation times longer than that the ordered structure disappears within the period of UV light irradiation. The time required for the disappearance of the ordered structure of the AB cellulose was found to be depending on the concen tration of the AB-cellulose and solvent . Fig. 4 shows the plot of the UV light irradiation time required for the disappearance of the ordered structure within the period of the irradiation againist the concentration of AB-cellulose in tetrahydrofuran .
The irradiation time markedly increases with increas ing concentration of the AB-cellulose . This increase may be explained by the decrease in isomerization rate with increasing concentration of AB-cellulose .
